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MANUFACTURING METHOD OF FIBER REINFORCED COMPOSITE STRAND FOR AERIAL 
TRANSMISSION LINES , AND MANUFACTURING DEVICE OF THE SAME 

(57) [ABSTRACT] 
[PURPOSE] 

To offer a manufacturing method of fiber reinforced composite strand for aerial transmission lines that is 
reinforced with a long silicon carbide fiber, and has plural number of cores, and aluminium or aluminium 
alloy is packed fully among said cores allowing no gaps to provide cores covered with high adhesion 
strength. 

[CONSTITUTION] 

28 preform wires comprising intermediate composite material of long silicon carbide fiber (26) and 
aluminium (27) are used as cores; and a nipple (24) having insertion holes (23) of the same numbers as 
those of preform wires (28) is installed in a continuous extruder (22) , and the preform wires (28) are 
continuously inserted through said insertion holes (23) of said nipple (24), and aluminium or aluminium 
alloy wire rod (25) is supplied to a die box (20) of the continuous extruder (22) to cover the cores with 
aluminium or aluminium alloy (29) to form a composite strand (30). 
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20: die box, 22: continuous extruder, 23: insertion hole, 24: nipple, 25: aluminium or aluminium alloy 
wire rod, 28: preform wire, 29: aluminium or aluminium alloy, 30: composite strands 
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[CLAIMS] 
[CLAIM ITEM 1] 

Manufacturing method of fiber reinforced composite strand for aerial transmission lines is characterized 
by the fact that it manufactures a composite strand by using plural number of preform wires comprising 
intermediate composite material of long silicon carbide fiber and aluminium as cores, and installs a nipple 
having the sane numbers of insertion holes as those of said preform wires to the continuous extruder, and 
inserts said preform wires through the insertion holes of said nipple continuously, and supplies aluminium 
or aluminium alloy wire rod to a die box of the continuous extruder to cover said cores with aluminium or 
aluminium alloy rod. 

[CLAIM ITEM 2] 

Manufacturing method of fiber reinforced composite strand for aerial transmission lines is characterized 
by the fact that it manufactures a composite strand by using plural number of preform wires comprising 
intermediate composite material of long silicon carbide fiber and aluminium as cores, and installs a nipple 
having the same numbers of insertion holes as those of preform wires to the continuous extruder, and 
inserts said preform wires through said insertion holes of the nipple continuously in parallel manner, and at 
the same time, supplies aluminium or aluminium alloy wire rod to a die box of said continuous extruder to 
cover said cores with aluminium or aluminium alloy rod. 

[CLAIM ITEM 3] 

Manufacturing method of fiber reinforced composite strand for aerial transmission lines is characterized 
by the fact that it manufactures a composite strand by using plural number of preform wires comprising 
intermediate composite material of long silicon carbide fiber and aluminium as cores, and installs a nipple 
having the same number of insertions holes as those of said preform wires to the continuous extruder in 
free rotation manner, and inserts preform wires through insertion holes of said nipple while applying a 
twist to said preform wires , and at the same time, supplies aluminium or aluminium alloy wire rod to a die 
box of said continuous extruder to cover thus twisted cores with aluminium or aluminium alloy. 

[CLAIM ITEM 4] 

Manufacturing device for fiber reinforced composite strand for aerial transmission lines which use plural 
numbers of preform wires comprising intermediate composite material of long silicon carbide fiber and 
aluminium as cores, wherein is equipped with a nipple having the same numbers of insertion holes as those 
of preform wires, a rotary roll that inserts aluminium or aluminium alloy wire rod to a die box , and a die 
that molds a shape of composite strand of which cores are covered with aluminium or aluminium alloy. 

[DETAILED EXPLANATION OFTHE INVENTION] 
[0001] 

[FIELDS OF TECHNICAL APPLICATION] 

This invention relates to a manufacturing method of fiber reinforced composite strand for aerial 
transmission lines; and in particular, it relates to the manufacturing method of fiber reinforced composite 
strand for aerial transmission lines which use plural numbers of preform wires comprising intermediate 
composite material of long silicon carbide fiber and aluminium as cores; and manufacturing device of the 
same. 

[0002] 

[PRIOR ART] 

Regarding manufacturing methods of fiber reinforced composite strand for aerial transmission lines, a 
method that provides reinforcement using short fibre has been generally known as manufacturing method 
of fiber reinforced aluminium line that is disclosed in the Japanese Patent Application Kokai Hei 2[1990]- 
181303 publication. According to this method, composite strand is manufactured by using short fibre 
dispersed material prepared by dispersing reinforcement short fibre in an aluminium and solidifying this 
beforehand , and by adding this to an aluminium molten bath at the position immediately before casting, 
and then, by applying a continuous casting method using belt and wheel method and the like , an ingot 
combined with short fibre is drawn and stretched. . 
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[0003] 

In addition, as for the method to apply reinforcement with short fibre, a method to superposition a metal 
foil or a thin sheet and short fibre are known as a general manufacturing method of fiber reinforced 
composite material. According to this method, fiber reinforced composite material is manufactured by 
diffusing and bonding short fibre and metal foil or thin sheet form matrix while applying a pressure at high 
temperature through use of a hot press. 

[0004] 

In addition, regarding a method to apply reinforcement with long fibre, a fusion penetration method is 
known as a general fiber reinforced composite material manufacturing method. According to this method, 
fiber reinforced composite material is manufactured by either pulling up or pulling down a fibre bundle 
through a molten bath in continuous manner to composite in continuous manner. 

[0005] 

[SUBJECTS SOLVED BY THIS INVENTION] 

However, none of the above-explained reinforcement methods using short fibre are suited for making a 
composite with long fibre. This is because according to the manufacturing method of fiber reinforced 
aluminium lines disclosed in the Japanese Patent Application Kokai Hei 2[1990]-181303 publication, it is 
not suited for long fibre as they would not withstand against plastic deformation as in the case of 
aluminium during line drawing and stretch process ; and therefore it would present a high probability of 
shearing said long fibre; and in addition, according to the manufacturing method that superposition a metal 
foil or thin sheet and short fibre, because diffusion bonding method or high pressure casting method using 
a hot press will be used, it is difficult to continuously form a composite strand of long fiber reaching as 
long as about 1 000 m , and this is not a suitable method. 

[0006] 

In addition, the method that composites long fiber through a fusion and penetration method is not suited 
for manufacturing strands used for transmission lines. This is because that this method puts limitation to 
the number of filaments (single fiber count) of fiber bundle which can be passed through a molten bath to 
certain range , and places restriction on freedom to by limiting to a manufacturing of only the small 
strand diameter; and furthermore, it presents a problem of fiber being exposed to the surface during 
molding process of a strand shape due to a drawing action implemented by using a die. 

[0007] 

Furthermore, regarding the composite strand used for aerial transmission lines that is combined with long 
fiber, because there is an aerial transmission lines that was applied earlier by the applicant, this proposal of 
a composite strand for aerial transmission lines of composite long fiber is explained below based on 
attached Figures 5 and 6 . According to the proposal illustrated in the Figure 5 and Figure 6, a composite 
strand (17) is constructed of a preform wire (13) that is a composite of aluminium (1 1) and long fiber (12) 
that is arranged at the center part, and a short fibre composite layer (15) that is a composite of aluminium 
(1 1) and short fiber (14) is arranged at outer circumference of this, and in addition, it has a most outer layer 
(16) that is formed of a single body of aluminium (1 1) at its outer circumference. However, according to 
this method, because unification of the long fiber (12) and aluminium (11) that is outside of this is 
reinforced with short fiber (14), although it is possible to manufacture a composite strand reinforced with 
long fiber, it is not possible to combine plural numbers of preform wires which include long fiber, and 
therefore, it presents a problem of difficult adjustment of volume fraction of the fiber. 
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[0008] 

Although it is not of a fiber reinforcement type, manufacturing method of AS lines (aluminium covered 
steel lines) may be mentioned as a manufacturing method of aerial transmission strands showing a good 
unification of aluminium cover and a long core. This is further explained with Figure 4. This method uses 
a long steel line (1) as a core (2), and a nipple (5) having one insertion hole (4) is installed on a continuous 
extruder (3), and said steel line (1) is continuously inserted through the insertion hole (4) of said nipple (5), 
and aluminium wire rod (7) is supplied to a die box of this continuous extruder (3) ; and while extruding 
aluminium (8) around the core (2), tension is applied to the core (2) to pull out of the die (9); and outer 
circumference (10) of the core (2) and aluminium (8) are almost perfectly unified as one body through 
press contact by friction. 

[0009] 

As a method that utilizes this manufacturing method of AS line (aluminium covered steel lines), a 
manufacturing method of strands that combines plural number of preform wires including long fiber with 
aluminium by first installing a nipple having one insertion hole to a continuous extruder to supply plural 
number of preform wires including long fiber through this insertion hole of the nipple in one tine, and by 
supplying an aluminium wire rod to a die box of continuous extruder to extrude aluminium around said 
preform wires continuously and pulling out through a die while tension is applied to the preform wires to 
cover this preform wires with an aluminium may be considered. 

[0010] 

However, although this method is capable of adjusting volume fraction of the fiber by adjusting the 
number of preform wires including long fiber, because plural numbers of preform wires which are used as 
cores are supplied while they are in contact with each other, aluminium shows difficulty to penetrate 
among said preform wires; and therefore, not sufficient aluminium is packed among cores to cause gaps to 
present a problem of not able to provide a strand manufactured with calculated and estimated strength . 

[0011] 

As explained above, it has not been possible to manufacture fiber reinforced composite strand for aerial 
transmission lines which are reinforced with long silicon carbide fiber and has plural number of cores, and 
aluminium or aluminium alloy is fully packed among cores without allowing any gaps in addition to 
providing protection to said cores. 

[0012] 

The purpose of this invention is to solve above-explained subjects by offering a manufacturing method of 
fiber reinforced composite strand for aerial transmission lines which has plural numbers of cores, and is 
reinforced with long silicon carbide fiber, and aluminium or aluminium alloy is fully packed among said 
cores to provide high adhesive strength as well as protection to the cores; and manufacturing device of the 
same. 

[0013] 

[MEASURES USED TO SOLVE THE SUBJECTS] 

This invention attains above-explained purpose by manufacturing composite strand by using plural 
number of preform wires comprising intermediate composite material of long silicon carbide fibre and 
aluminium as cores, and installing a nipple having the same number of insert holes as those of preform 
wires to a continuous extruder, and inserting preform wires through these insertion holes of the nipple, and 
supplying aluminium or aluminium alloy wire rod to a die box of the continuous extruder to cover said 
cores with aluminium or aluminium alloy to provide said composite strand. 
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[0014] 
[ACTIONS] 

According to this invention, plural number of preform wires comprising intermediate composite material 
of long silicon carbide fibre and aluminium are used as cores, and a nipple having the same number of 
insertion holes as those of said preform wires is installed on a continuous extruder, and said preform wires 
are put through said insertion holes of that nipple, and aluminium or aluminium alloy wire rod is supplied 
to a dye box of the continuous extruder to cover said cores with .aluminium or aluminium alloy; and 
because only one preform wire is inserted through one insertion hole, plural number of preform wires are 
supplied to the die box with mutually prescribed gap in accordance with arrangement of insertion holes on 
the nipple; and therefore, aluminium or aluminium alloy sufficiently penetrates among preform wires to 
consequently provide fiber reinforced composite strand for aerial transmission lines of which 
reinforcement is provided with long silicon carbide fiber , and have plural number of cores, and aluminium 
or aluminium alloy is fully packed among these cores without allowing any gaps to provide a high 
adhesive strength as well as covered cores.. 

[0015] 

[EXAMPLES] 

This invention's examples are explained in details with attached Figures. 
[0016] 

Manufacturing device (18) of fiber reinforced composite strand (3) for aerial transmission lines of this 
invention is explained first with Figure 1. 

[0017] 

As illustrated in the Figure 1, manufacturing device (18) consists of a nipple (24) having a structure that is 
explained further later and a continuous extruder (22). 

[0018] 

The nipple (24) has a cone-shaped outer circumference; and has a lay out of having the prescribed same 
number (in this example 7) insertion holes (23) as those of the cores (in this example 7) as illustrated in the 
Figure 2. 

[0019] 

On the one hand, the continuous extruder (22) is equipped with a die box (20) at the center part of its 
main body (31); and rotary rolls (21) which supply a covering material of wire rod shape to the die box 
from both side ports of the die box (20). In addition, the continuous extruder (22) has dies (19) of 
prescribed inner diameter which are closely arranged without gaps at the exit of extrusion side of the die 
box; and has die holders (32) which anchor said dies (19) by surrounding outer circumference plane of 
these dies (19). These die holders (32) are shaped in such manner to maintain a sufficient gap along die 
center line of the die at the exit side of the dies (19) so not to inhibit proceeding of the composite strand 
(30) which are extruded in linear manner. In addition, this continuous extruder (22) has nip holders (33) to 
install said nipple at insertion side. - - - 

[0020] 

Above-explained nipple (24) is installed on the continuous extruder having above-explained structure in 
such manner so the exit of insertion hole (23) would be facing insertion port of the nipple of die box (20) 
through use of nipple holders (33). 
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[0021] 

Then, manufacturing method of this invention's fibre reinforced composite strands for aerial transmission 
lines is explained below. 

[0022] 

Aluminium wire rod (25) is hung around a rotary roll (21) and is installed on above-explained 
manufacturing device (18). In addition, preform wires (28) with prescribed diameter (in this example, 
outer diameter is 0.5 mm) comprising intermediate composite material of long silicon carbide fiber (26) 
and aluminium (27) are installed by such numbers to provide prescribed fiber volume fraction (in this 
example 7 wires); and at this time, these preform wires (28) are inserted to insertion holes (23) of the 
nipple (24) at 1 to I ratio in parallel manner, and they are led to the exit side of the dies (19), and are 
installed on the manufacturing device (18). 

[0023] 

After materials are installed as explained above, the manufacturing device (18) is operated to process in 
the manner explained below. 

[0024] 

The aluminium wire rod (25) that is installed on the manufacturing device (18) is heated to 450 - 500°C, 
and this is led into the die box (20) via rotary roll (21), and is fused to become an aluminium (29) for 
covering. The preform wires (28) which are installed on the manufacturing device (18) through exit side 
of the dies (19) in above-explained manner are then, led into said aluminium for covering (29); and they 
are pulled in parallel and in a continuos manner from the exit side of the dies (19) , and are sent 
continuously while maintaining a mutual prescribed gap. 

[0025] 

The aluminium for covering (29) is made to sufficiently penetrate among preform wires (28) in above- 
explained manner; and while keeping these preform wires (28) and covering aluminium (29) which cover 
their most outer circumference in parallel, they are extruded continuously toward dies (19) to be covered 
with said aluminium for covering (29) and are adhered as one body; and by passing through said dies (19), 
they are molded in prescribed strand shape (in this example, outer diameter is set to be 2.4 mm) to 
manufacture a fiber reinforced composite strand for aerial transmission lines (30) showing 2.4 mm outer 
diameter with 12 % fiber volume fraction and high aluminium packing rate. 

[0026] 

Actions of above-explained example are explained below. 
[0027] 

According to above-explained manufacturing method, because only one preform wire (28) is put through 
one insertion hole (23), plural number of preform wires (28) are supplied to the die box (20) in parallel 
manner while maintaining mutually prescribed gap in accordance, with arrangement of the insertion holes 
(23) of the nipple (24) ; and therefore, aluminium for covering (29) can be made to sufficiently penetrate 
among preform wires (28); and as a result, it is possible to manufacture fiber reinforced composite strand 
for aerial transmission lines (30) that has plural number of preform wires (28) in parallel manner having 
their gaps are fully packed with aluminium for covering (29) without allowing any gaps, and in addition, 
outer circumference of the aluminium (27) of the preform wire (28) itself is fused together with the 
aluminium for covering (29) as one body to provide a cover with high adhesive strength; and in addition, it 
is possible to manufacture composite strands with optional diameter by switching the dies of continuous 
extruder; and furthermore, composite strands with optional fibre volume may be manufacturing by 
switching the nipple. 
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[0028] 

Furthermore, according to the Figure 1, nipple (24) is fixed, and preform wires are supplied while are held 
in parallel form; however, this invention should not be limited with this; and it is all right to set the nipple 
(24) in a free rotation manner, and twist may be applied to the preform wires (28) at between said nipple 
(24) and dies (19) by rotating entire seven preform wires (28) at the supply side by centering at the shaft of 
the nipple (24) to continuously supply preform wires (28) while applying said twist When said preform 
wires (28) are supplied while are twisted, aluminium for covering (29) can is packed without creating any 
gaps among said twisted preform wires (28); and entirety of thus twisted plural number of preform wires 
(28) and covering aluminium (29) that wraps its most outer circumference are continuously extruded 
toward dies (19) to provide a cover by aluminium for covering (29) as well as adhesion as one body and 
by passing this through dies (19), it is possible to manufacture fiber reinforced composite strand for aerial 
transmission lines showing prescribed stand shape. The fiber reinforced composite strand for aerial 
transmission lines manufactured in above-explained manner has twisted cores with improve flexibility, and 
in addition, it can attain a high fiber volume fraction as well. 

[0029] 

[EFFECTS OF THIS INVENTION] 

As explained above, according to this invention, it is possible to manufacture a fiber reinforced composite 
strand for aerial transmission lines that is reinforced with long fiber and has plural number of cores, and 
aluminium or aluminium alloy is packed among said cored without allowing any gaps to improve strength, 
and in addition, cores are covered with high adhesive strength. 

[0030] 

In addition, it is also possible to manufacture a fiber reinforced composite strand for aerial transmission 
lines showing various structures and fiber volume fraction by having nipples with various types of 
insertion holes lay out on hand and simply switching this nipple. 

[BRIEF EXPLANATION OFTHE FIGURES ] 
[FIGURE 1] 

It illustrates a cross section of this invention's example. 
[FIGURE 2] 

It illustrates an arrangement of insertion holes of the nipple in the example shown in the Figure 1 . 
[FIGURE 3] 

It illustrates an enlarged cross section of fibre reinforced composite strand for aerial transmission lines 
manufactured in accordance with this invention's manufacturing method. 

[FIGURE 4] 

It illustrates a manufacturing device of AS lines. 
[FIGURE 5] 

It illustrates a cross section in lengthwise direction of the transmission line proposed by the applicant 
previously. 

[FIGURE 6] 

It illustrates cross section structure in diameter direction of transmission line shown in the Figure 5. 
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[DESCRIPTION OF CODES] 

1 8 manufacturing device of fibre reinforced composite strand for aerial transmission lines 

19 die 

20 die box 

21 rotation roll 

22 continuous extruder 

23 insertion hole 

24 nipple 

25 aluminium or aluminium alloy wire rod 

26 long silicon carbide fibre 

27 aluminium 

28 preform wire 

29 aluminium or aluminium alloy 

30 composite strand 

Figures 1 through 6 



Translation requested by: Collin McCullough, Metal Matrix Composites 
Translation by: Mie N. Arntson, 5 1 2-33 1 -7 1 67 
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